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Background 


Estrogen  plays  an  important  role  in  cell  proliferation,  differentiation  and  metastatic  potential 
of  breast  cancer  cells  (1,2).  Its  effects  are  mediated  by  estrogen  receptor  (ER)  which  belongs  to 
the  steroid  hormone  receptor  superfamily  of  ligand-dependent  transcription  factors.  Steroid 
hormone  receptors  (SR)  are  modular  proteins  composed  of  ligand  binding,  DNA  binding  and 
transactivation  domains  (3),  and  they  bind  to  specific  recognition  sequences  of  steroid  regulated 
genes,  termed  hormone  response  elements  (HREs).  The  mechanism  by  which  the  DNA-bound  SR 
control  gene  transcription  is  not  well  understood.  A  number  of  recent  studies  have  shown  that  the 
liganded  SR  recruits  other  proteins  which  can  function  as  coactivators  or  corepressors  (4-7)  by 
transmitting  signals  from  the  SR  to  the  basal  transcriptional  machinery  (8).  Coactivators  and 
corepressors  may  also  facilitate  remodeling  of  chromatin  that  is  associated  with  transcription,  since 
they  can  recmit  histone  acetylases  (HATs)  or  deacetylases  to  the  promoter  (9, 10)that  in  turn  affect 
nucleosome  conformation  (11-13). 

High  mobility  group  (HMG)  proteins  are  among  the  best  characterized  nonhistone 
chromosomal  proteins.  This  group  of  proteins  includes  three  different  families:  HMG-1/-2,  HMG- 
14/- 17  ,and  HMG-I(Y)  family  (14).  A  general  property  of  HMG  proteins  is  an  ability  to  recognize 
and  manipulate  distortions  in  DNA  structures  which  have  led  to  the  idea  that  they  are  architectural 
factors  required  for  essential  processes  that  require  transient  manipulation  of  DNA  stmcture  such 
as  repair,  recombination,  chromatin  packaging,  and  transcription  (15, 16).  HMG- 1/2  have  been 
implicated  as  co-factors  for  transcription  regulation  since  they  have  been  shown  to  facilitate  binding 
of  several  sequence-specific  transcription  factors  (17-19)  and  to  enhance  transcription  activation  of 
these  activators  including  OCT,  p53,  HOX  etc.  Dismption  of  the  yeast  homologs  of  HMG-1/2 
results  in  reduction  or  ablation  of  selected  yeast  transcription  activators  but  not  dl  (20).  HMG-I(Y) 
family,  including  EMG-I(Y)  which  is  the  product  of  two  alternative  splice  variants  of  a  single  gene 
and  HMGI-C,  have  also  been  implicated  as  cofactors  in  activator-mediated  transcription  (14). 
Although  HMG-I(Y)  has  a  strong  preference  for  recognition  of  DNA  structures  more  so  than 
nucleotide  sequences,  preferred  consensus  recognition  sequences  for  HMG-I(Y)  binding  have 
recently  been  deduced  and  described  (21,  22).  Each  HMG-I(Y)  molecule  contains  three  DNA- 
binding  domains  (AT-hooks)  which  mediate  high  affinity  binding  to  the  minor  groove  of 
multivalent  A/T  rich  DNA  sequences  (21, 23, 24).  HMG-I(Y)  does  not  act  as  a  transcription  factor 
itself,  but  has  been  shown  to  be  an  important  co-regulatory  factor  that  can  enhance  or  inhibit 
activities  of  other  sequence-specific  transcription  factors,  depending  on  the  context  of  the 
promoter.  To  date  all  the  transcription  factors  which  have  been  described  to  be  modulated  by 
HMG-I(Y)  are  associated  with  the  immune  system.  Several  promoters  contain  composite  elements 
with  overlapping  transcription  factor  and  HMG-I(Y)  binding  sites.  For  example,  in  the  human 

interferon  13  (IFN-13)  and  interleukin-2  receptor  a  (IL-2Ra)  promoter ,  HMG-I(Y)  binds  to  several 
composite  elements  on  the  promoter,  physically  interacts  with  other  transcription  factors,  bends 
DNA,  and  enhances  gene  transcription  (25-27).  In  contrast,  in  the  interleukin-4  (IL-4)  promoter, 
HMG-I(Y)  interferes  with  DNA  binding  of  NF-AT  factors  and  inhibits  the  induction  of  IL-4  gene 
transcription(28). 

Unlike  HMG-1/2  which  is  constitutively  expressed,  HMG-I(Y)  is  a  highly  regulated 
proteins.  HMG-I(Y)  is  a  phosphoprotein  and  the  level  of  phosphorylation  is  reflated  during  the 
cell  cycle  (29, 30).  In  addition,  I^G-I(Y)  is  upregulated  during  cell  proliferation.  The 
expression  of  HMG-I(Y)  mRNAs  are  very  low  to  nondetectable  in  quiescent  cells  and  increase  in 
proliferating  cells  (31).  There  are  several  reports  that  HMG-I(Y)  is  overexpressed  in  transformed 
cells  (32, 33).  The  levels  of  HMG-I(Y)  mRNAs  and  proteins  in  tumor  cells  were  estimated  to  be 
15-20  times  higher  than  those  of  normd  cells  (34).  The  expression  of  HMG-I(Y)  also  correlates 
with  increased  metastatic  potential  in  certain  tumor  models.  For  example,  HMG-I(Y)  mRNAs  are 
highly  elevated  as  the  tumors  become  more  metastatic  in  the  Dunning  rat  model  for  prostate  cancer 
progression  (35)  and  in  regions  with  high  Gleason  grade  prostate  cancer  in  human  (36).  Similar 
findings  were  also  found  in  malignant  human  thyroid  neoplasias  (33).  In  mouse  mammary 
epithelial  model  for  mammary  tumorigenesis,  increased  levels  of  HMG-I(Y)  mRNAs  are  directly 
correlated  with  the  degree  of  neoplastic  transformation  and  metastatic  progression  of  the  cells  (37). 
In  addition,  alteration  in  HMG-I(Y)  gene  loci  in  preneoplatic  cells  is  associated  with  the  conversion 
of  normal  mammary  epithelium  to  the  preneoplastic  immortalized  state  (37).  In  addition,  the  levels 
of  HMG-I(Y)  are  increased  in  human  uterine  leiomyomas  (38)  which  express  high  levels  of  PR 
(39)  and  are  progesterone  responsive  (40).  These  data  suggest  a  link  between  overexpression  of 
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HMG-I(Y)  in  tumors  of  endocrine  origin  and  sensitivity  to  steroid  hormones.  Overexpression  of 
HMG-I(Y)  in  tumor  cells  and  their  ability  to  function  as  transcriptional  coregulators  have  raised  the 
question  of  whether  HMG-I(Y)  proteins  broadly  effect  patterns  of  gene  expression  and  contribute 
to  tumor  phenotypes. 

The  major  obstacle  in  treatment  of  breast  cancer  with  endocrine  therapies  such  as  estrogen 
antagonists  is  that  tumors  continue  to  express  ER  but  acquire  resistance  to  anti-hormone  upon 
prolonged  treatment.  The  molecular  basis  for  this  resistance  is  not  well  understood.  The 
resistance  most  likely  involves  changes  in  expression  or  activity  of  steroid  receptor  coregulatory 
proteins  (41-43).  Although  a  great  deal  of  attention  on  the  molecular  mechanism  of  SR  has  been 
focused  on  recently  discovered  nuclear  receptor  coactivators  and  corepressors,  we  propose  that 
EREs  of  certain  hormone  responsive  genes  are  composite  elements  that  contain  binding  sites  for 
ER  and  HMG-I(Y),  and  HMG-I(Y)  could  modulate  the  activity  of  receptors  on  these  promoters. 
As  a  result,  alteration  of  cellular  HMG-I(Y)  may  either  inhibit  or  enhance  the  sensitivity  of 
receptors  to  hormone  agonists  and  antagonists.  To  test  these  hypotheses,  two  estrogen  responsive 
gene  promoters,  human  complement  3  (C3)(44)  and  rat  prolactin  (45),were  used  as  models  to 
examine  whether  and  how  HMG-I(Y)  effects  ER  binding  to  ERE  in  these  promoters  in  vitro. 

These  ER  responsive  gene  promoter  contain  putative  HMG-I(Y)  binding  sites  either  flanking  (C3 
promoter)  or  overlapping  the  ERE  (rat  prolactin  promoter).  In  addition,  we  also  plan  to  investigate 
the  functional  role  of  HMG-I(Y)  on  the  transcriptional  activity  of  ER  in  response  to  estrogens  and 
estrogen  in  manunalian  cell  transfection  assays. 

Methods 


Expression  of  recombinant  human  estrogen  receptor  in  the  baculovirus  system 

A  recombinant  baculoviras  transfer  vector  for  human  ER  was  provided  by  Bert  O’Malley 
and  Nancy  Weigel,  Baylor  College  of  Medicine.  The  vector  was  constructed  by  inserting  the 
human  ER  cDNA  into  pBlueBacHis2  (Invitrogen,  San  Diego  CA)  in-frame  with  ^no-terminal 
plasmid  sequences  that  contain  an  ATG  translation  start  site,  six  sequential  histidine  residues  and 
enterokinase  cleavage  site. 

To  constmct  recombinant  viruses  encoding  human  ER  protein,  Spodopterafrugiperda 
insect  cells  (Sf9)  were  cotransfected  with  the  baculovirus  transfer  plasmid  with  wild  type  AcNPV 
baculovirus  DNA  as  previously  described  (46).  Recombinant  viruses  were  identified  by  visual 
inspection  under  a  reverse-phase  light  microscope  and  individual  viruses  were  plaque  purified. 
Viruses  were  screened  for  their  ability  to  express  protein  by  Western  blot  analysis  of  infected  Sf9 
cells.  ER  proteins  were  produced  in  Sf9  cells  in  500  ml  spin-bottles.  Cells  were  grown  in 
Grace’insect  medium  (Gibco-BRL)  supplemented  with  lactalbumin  hydrolysate,  yeastolate,  0.1% 
Pluronic  F68, 10%  heat  inactivated  fetal  bovine  serum  (Hyclone  Labs)  and  50  pg/ml  gentamycin. 
Cells  were  grown  at  27  C  to  a  density  of  1.5  to  1.8  x  10*  cells/ml,  at  which  time  they  were 
inoculated  with  virus  at  an  MOI  of  1 .0  and  were  allowed  to  grow  for  an  additional  32-36  hr  at  27 
C.  Estradiol  was  added  to  the  culture  for  the  last  6-8  hr  of  infection.  Cells  were  harvested  by 
centrifugation  at  1500  rpm  for  15  min  in  50  ml  aliquots,  washed  once  in  TG  buffer  (10  mM  Tris- 
HCl,  pH  8.0  and  10%  glycerol)  and  frozen  as  pellets  at  80  C. 

Purification  of  polyhistidine  tagged  estrogen  receptor  by  metal  ion  affinity 
columns 

Sf9  insect  cells  were  lysed  in  the  following  buffer:  20  mM  Tris-HCl,  pH  8.0,  350  mM 
NaCl,  10  mM  imidazole,  5%  glycerol  and  a  cocktail  of  protease  inhibitors  (47).  All  procedure 
were  done  at  0-4  C.  Cell  lysates  were  centrifuged  at  100,000  x  g  for  30  min  and  the  supernatant 
taken  as  a  soluble  whole  cell  extract.  Whole  cell  extract  was  passed  over  Ni-NTA  resin  (Qiagen) 
column  at  a  flow  rate  of  1-2  ml/min.  The  resins  were  washed  with  lysis  buffer  until  the  OD  at  280 
nM  returned  to  buffer  baseline.  Bound  receptors  were  eluted  under  non-denaturing  conditions  by 
competition  with  100  mM  imidazole.  Receptor  was  eluted  into  siliconized  tubes  to  prevent  binding 
to  receptors  surface  and  1  mM  DTT,  1  pM  zinc  chloride,  and  MgCl2  were  added  immediately  to 
stabilize  DNA  binding  activity.  Samples  were  stored  at  -80  C  in  aliquots. 
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SDS  polyacrylamide  gel  electrophoresis  and  Western  blots 

Purified  ER  was  analyzed  by  electrophoresed  on  7.5%  polyacrylamide  SDS  gel  as 
described  previously  (48)  and  by  silver  staining  as  previously  described.  Proteins  were  also 
transferred  to  supported  nitrocellulose  membrane,  Immobilon-P  (Millipore  Corp,  Bedford  MA) 
and  incubated  wiA  human  ER  monoclonal  antibody  (hl5 1)  overnight  at  4  C.  Immunoblot 
detection  was  carried  by  using  ECL  kit  according  to  manufacturer’s  procedures  (Amersham). 

Electrophoretic  gel  mobility  shift  assay  (EMSA) 

ER-DNA  binding  by  EMSA  was  performed  under  the  same  condition  as  previously 
described  (49).  Purified  HMG-I  protein  and  anti-HMG-I  antibody  were  provided  by  R.  Reeves, 
Washington  State  University,  Pullman  WA.  Briefly,  purified  hER  (amounts  per  assay  are 
indicated  in  Figure  legends)  was  incubated  for  1  hr.  at  0-4  C  with  0.3  ng  of  an  end-pP]  labeled 
oligonucleotide  ( specific  activity  of  100,000  to  300,000  cpm/ng)  in  a  DNA  binding  buffer 
containing  10  mM  HEPES,  pH  7.8, 50  mM  KCl,  4  mM  MgClj  and  12%  glycerol.  The  binding 
reaction  also  contained  1  pg  of  ovalbumin  as  a  carrier  protein  and  100  ng  of  poly  dl-dC/  poly  dl- 
dC  to  reduce  non-specific-DNA  binding.  After  1  hr,  DNA  binding  reactions  were  electrophoresed 
on  5%  polyacrylamide  (40:1  acrylamideibis)  gel  and  2.5%  glycerol  in  0.25  X  TBE  buffer  ( 0.02  M 
Tris-borate,  pH  8.3, 0.02  M  boric  acid,  0.5  M  EDTA)  with  cooling  to  maintain  gel  temperature  at 
4C.  Gels  were  dried  and  autoratiographed.  Sequences  of  oligonuleotides  used  in  this  study  are 
shown  below.  Bold  letters  indicate  ERE.  Underline  indicates  putative  HMG-I(Y)  binding  sites. 

1.  Synthetic  palindromic  ERE  oligonucleotide 

5’-gatcTCTTGATCAGGTCACTGTGACCTGACTT-3  ' 

3 ' -AGAACTAGTGGAGTGACACTGGACTGAActag-5 ' 

2.  Human  complement  3  (C3)  promoter 

5’-aat-cAACGGCATGTTGGCCCCAGGGACTGAAAAGCTTAGGAAATGGTATTGAAAT- 3 ' 

3  '  -TTGCCGTACAACCQGGGTCCCTGACTTTTCGAATCCTTTACCATAACTTTActaq-5 ' 

3.  Rat  prolactin  promoter 

5  '  -aatcTGCATTAAAAAATGCATTTTQTCACTATGTCCTAGAGTGC  -  3  ' 

3  '  -ACGTAATTTTTTACGTAAAACAGTGATACAGGATCTCACGc  t ag -  5  ' 


Cell  culture  and  transient  transfection 

COS-1  cells  were  maintained  in  DMEM  (Gibco-BRL)  supplemented  with  10%  fetal  bovine 
serum  (Hyclone  Labs)  and  were  plated  in  multiwells  dishes(  6  well  dishes.  Falcon  plastic)  at 
density  of  165,000  cells/well.  Hela  cells  were  plated  at  the  same  density  in  MEM  supplemented 
with  5%  fetal  bovine  serum.  Twenty  four  hours  after  plating  cell  were  transfected  with  plasmid 
DNAs  using  Lipofectamine  for  COS-1  cells  and  Lipofectin  for  Hela  cells  (Life  Technologies) 
according  to  manufacturer’s  guidelines.  A  CMV-6-gal  reporter  gene  was  included  in  all 
transfection  as  an  internal  control  for  transfection  efficiency  for  each  well.  Five  hours  after,  the 
DNA/Lipid  mixture  was  removed  and  cells  were  fed  with  phenol  red-free  media  containing  5% 
charcoal  stripped  serum.  Twenty  four  hours  after  transfection,  cells  were  treated  with  176- 
estradiol  or  4-OH  tamoxifen.  Forty  eight  hours  after  transfection,  cells  were  harvested  and 
extracts  were  assayed  for  luciferase  and  6-gal  activity  as  described  (49). 
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Results 


Purincation  of  recombinant  human  ER  (hER)  for  in  vitro  DNA  binding  studies 

Preliminary  results  in  my  post-doctoral  fellowship  application  were  all  done  with  highly 
purified  progesterone  receptor  (PR)  and  target  progesterone  responsive  gene  with  putative 
composite  HMG-I(Y)  binding  sites.  Because  the  main  focus  of  the  Edward’s  lab  is  PR.  The 
reagents  and  methodologies  were  readily  available  to  generate  preliminary  data  on  HMG-I(  Y)  and 
steroid  hormone  receptor  interaction  using  PR.  In  order  to  develop  a  more  independent  direction 
from  other  lab  projects,  I  chose  to  study  ER-HMG-I(Y)  interaction.  In  this  first  year  of  my 
fellowship,  this  switch  from  PR  to  ER  necessitated  a  considerable  amount  of  development  time 
optimizing  conditions  for  expression  and  purification  of  ER  and  for  mammalian  cell  transfections 
to  assay  ER  transcriptional  activity.  Figure  1  shows  purification  of  full  len^h  human  ER  which 
expressed  in  Sf9  cells  from  a  baculovirus  vector  with  a  N-terminal  polyhisditine  tag.  Sf9  insect 
cells  expressing  hER  were  lysed  in  buffer  containing  350  mM  NaCl  and  low  concentration  of 
imidazole  (15  mM)  to  reduce  binding  of  non-specific  proteins  to  the  nickel  resins.  The  lysate  was 
passed  over  a  column  containing  a  metal  ion  affinity  resin  ( Ni-NTA,  Qiagen),  and  bound  receptor 
were  eluted  by  competition  with  100  mM  imidazole.  As  judged  by  silver  stained  SDS 
polyacrylamide  gel  electrophoresis  and  Western  blot  (Figure  1),  to  confirm  the  identity  of  protein 

bands,  this  method  of  purification  yielded  intact  his-tagged  hER  =  70  kDa  at  approximately  50% 
purity  and  another  major  band  of  slightly  slower  mobility.  In  addition  to  expressing  full  length 
hER  in  the  baeulo virus  system,  the  hER  DNA  binding  domain  (DBD)  (amino  acid  189-288)  has 
been  cloned  into  pGEX2T  (Pharmacia) ,  expressed  as  GST  tagged  protein  in  bacteria,  and 
purified.  This  purified  ER-DBD  will  be  used  in  future  in  vitro  DNA  binding  experiments. 


HMG-2  but  not  HMG-I  facilitates  the  DNA  binding  activity  of  recombinant 
purified  hER  to  a  synthetic  ERE  oligonucleotide. 

To  test  whether  purified  hER  was  functionally  active  and  capable  of  binding  to  target  EREs 
(consensus  ERE  oligonueleotide),  EMSAs  were  performed  in  the  presence  or  absence  of  purified 
recombinant  his-tagged  HMG-2.  As  previously  reported  (49),  addition  of  purified  HMG-2 
substantially  enhanced  the  formation  of  ER-DNA  complexes  (Figure  2).  The  DNA  complex 
stimulated  by  HMG-2  contained  ER  as  demonstrated  by  supershifting  with  a  monoclonal  antibody 
to  hER  (hl51).  In  contrast  to  the  stimulatory  effect  of  HMG-2,  addition  of  HMG-I  had  little  effect 
on  binding  of  purified  hER  to  synthetic  consensus  ERE  probe  (Fig  2B).  This  is  not  surprising 
since  this  synthetic  ERE  is  not  predicted  to  have  HMG-I(Y)  binding  sites. 

To  examine  further  the  effect  of  HMG-I  on  ER-DNA  binding  to  synthetic  ERE,  two 
concentrations  of  hER  were  used.  At  low  (0.3  pg  per  reaction)  or  high  concentration  of  hER  (1.0 
pg  per  reaction)  of  hER ,  addition  of  purified  HMG-I  from  10  ng  to  1  pg  per  reaction  had  minimal 
to  no  effect  on  ER  binding  to  ERE.  hi  addition,  ER-DNA  complexes  were  supershifted  only  by 
ER  monoclonal  antibody  but  not  by  HMG-I  antibody  indicating  that  HMG-I  was  not  part  of  ER- 
DNA  complexes  (data  not  shown). 


HMG-I  inhibits  hER  binding  to  ERE  from  human  complement  3  (C3)  and  rat 
prolactin  promoter. 

As  purposed  in  the  grant  application,  there  are  several  putative  HMG-I(Y)  binding  sites 
overlapping  or  flanking  EREs  in  certain  estrogen  responsive  promoters.  To  test  whether  HMG- 
I(Y)  can  bind  to  these  putative  binding  sites  and  have  any  effects  on  ER  binding  to  ERE  in  these 
promoters,  ERE  from  human  C3  and  rat  prolactin  promoter  were  synthesized.  The  sequences  of 
these  oligonucleotide  and  predicted  HMG-I(Y)  binding  sites  are  shown  in  the  method  section. 
Purified  hER  (500  ng  per  reaction)  was  able  to  bind  to  C3  and  prolactin  probes  (Figure  3). 
However,  addition  of  increasing  amount  of  HMG-I(Y)  abolished  hER  binding  to  both  C3  and 
prolactin  promoter  at  the  expense  of  the  formation  of  HMG-I-DNA  complexes  (Figure  3) 
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To  examine  whether  ER  can  compete  with  HMG-I(Y)  for  binding  to  these 
oligonucleotides,  a  constant  amount  of  purified  HMG-I  (50  ng/reaction)  was  incubated  with 
increasing  amount  of  purified  hER  (100  ng  to  1.2  pg).  As  shown  in  figure  4,  high  dose  of  hER 
failed  to  compete  with  HMG-I  for  DNA  binding.  To  determine  whether  hER  and/or  HMG-I  were 
part  of  the  upshifted  DNA  complexes,  DNA  complexes  were  incubated  with  hER  antibody  or 
antibody  for  HMG-I.  The  complexes  were  supershifted  with  HMG-I(  Y)  antibody  but  not  with 
hER  antibody  indicating  that  only  HMG-I  bound  to  DNA  and  the  binding  of  HMG-I  appeared  to 
exclude  the  binding  of  hER  (Figure  4  A&B). 

Effects  of  HMG-I  on  ER-mediated  transcription  in  mammalian  cells 

To  investigate  whether  HMG-I(Y)  can  modulate  ER  transactivation  of  C3  promoter  within 
mammalian  cells,  ER  negative  COS-1  and  Hela  cells  were  used  in  transfection  experiments.  Cells 
were  transfected  with  mammalian  expression  vector  for  full  length  ER  ,pSVMT-wER  (a  gift  from 
C.  Smith,  Balyor  College  of  Medicine)  and  increasing  amount  of  expression  vector  for  ifivIG-I, 
pHMG-I  (a  gift  from  R.  Reeves,  Washington  State  University,  Pullman,  WA)  along  with  the 
reporter  gene  containing  C3  promoter  linked  to  luciferase  gene  (pC3-Luc)(50).  Cells  were  then 
treated  with  vehicle  (ethanol),  20  nM  17B-estradiol,  100  nM  4-OH  tamoxifen  (4HT)  or  the 
combination  of  both  ligands.  Cotransfection  of  pHMG-I  at  all  doses  tested  had  minimal  to  no 
effect  on  ER-mediated  gene  transcription  in  Hela  cells.  Similar  results  was  observed  in  COS-1 
cells  (data  not  shown). 

Conclusions  and  Discussion 

We  have  successfully  expressed  full  length  hER  in  the  baculovirus  expression  system.  In 
addition,  we  also  purified  hER  using  non-denaturing  condition;  however,  the  receptor  preparation 
still  had  significance  amount  of  other  proteins.  We  are  now  working  on  improving  the  purity  by 
eluting  the  bounded  receptor  from  the  column  by  gradient  of  immidazole  or  by  increasing  the 
concentration  of  immidazole  step-wise  during  the  eluting  processes  and  passing  the  purified  hER 
over  DNA-cellulose  column  to  enrich  functionally  active  receptors. 

Previously  we  showed  that  HMG-l  and  highly  related  IIMG-2  enhanced  DNA  binding 
activity  of  hER  and  other  steroid  hormone  class  of  receptors  but  did  not  effect  DNA  binding  of 
nonsteroid  nuclear  receptors  (49).  In  this  studies,  we  showed  that  HMG-RY)  can  affect  hER 
binding  to  ERE;  however,  the  effect  seemed  to  depend  on  the  presence  of  IIMG-I(Y)  binding  sites 
flanking  or  overlapping  EREs.  In  case  of  the  synthetic  ERE  oligonucleotide  which  have  no 
predicted  HMG-I(Y)  binding  site,  HMG-RY)  did  not  have  any  effects  on  hER  binding  to  ERE 
even  at  high  doses  (1-3  pg  per  reaction),  lii  contrast,  oligonucleotides  derived  from  human  C3  or 
rat  prolactin  promoter  which  contained  predicted  IIMG-I(Y)  binding  sites  flanking  or  overlapping 
the  ERE,  binding  of  HMG-I(Y)  to  DNA  prevent  hER  from  binding  to  the  ERE  even  at  a  very  low 
concentration  (10  ng  per  reaction).  However,  HMG-I(Y)  have  minimal  to  no  effect  on  ER 
transactivation  of  C3-reporter  gene  in  Hela  and  COS-1  cells.  This  could  due  to  several  factors  . 
Although  the  expression  of  HMG-I(Y)  is  highly  regulated,  HMG-I(Y)  is  expressed  in  most  cells 
and  is  expressed  at  high  level  during  cell  proliferation.  Transient  transfection  experiments  used  in 
this  study  were  carried  out  in  active  proliferating  cells.  The  expression  of  HMG-I(Y)  from 
transfected  DNA  may  not  be  high  enough  to  overcome  the  background  expression  of  endogenous 
HMG-I(Y)  with  in  the  cells.  Therefore,  it  will  be  important  to  examine  whether  the  expression  of 
antisense-HMG-I(Y)  mRNA  to  inhibit  endogenous  HMG-I(Y)  affect  ER  transactivation  of  C3 
promoter.  In  addition,  HMGI(Y)  can  physically  interact  with  cell  type  specific  transcription  factors 
(25, 26),  therefore,  it  is  possible  that  HMG-I(Y)  may  required  other  cell  type  specific  transcription 
factors  to  perform  its  function.  We  are  now  working  on  testing  the  effect  of  HMG-I(Y)  on  ER 
dependent  gene  transcription  using  endogenous  hER  in  human  breast  cancer  cells.  Finally,  since 
there  is  evidence  that  HMG-I(Y)  could  facilitate  the  assembly  of  higher  nucleosome  complexes 
(51),  the  effect  of  HMG-I(Y)  might  be  best  seen  on  stable  transfected  reporter  gene  which  can 
assume  chromatin  structure  and  nucleosome  complexes  which  are  absence  in  transfected  episomal 
plasmid  DNA. 

Although  HMG-1/2  and  HMG-I(Y)  are  not  related  at  the  primary  sequence  level,  they  do 
exhibit  similar  DNA  binding  properties  (14).  HMG-I(Y)  recognizes  DNA  structure,  binds  in  the 
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minor  groove  and  has  been  shown  to  function  as  an  architectural  cofactor  in  the  transcriptional 
regulation  of  several  cytokine  genes.  HMG-I(Y)  through  the  combined  effect  of  altering  DNA 
conformation  and  direct  protein  interaction,  facilitates  Ae  assembly  of  higher  order  of 
nucleoprotein  complexes  or  enhanceosomes  (51).  Therefore,  it  is  possible  that  binding  of  HMG- 
I(Y)  to  sequences  flanking  or  overlapping  the  ERE  in  C3  and  prolactin  promoter  might  alter  the 
DNA  structure  of  the  ERE  enough  such  that  the  DNA  structure  can  no  longer  be  recognized  by 
hER  or  become  a  low  afi'inity  site  for  hER. 

HMG-I(Y)  differs  from  HMG-1/2  in  that  it  independently  binds  an  A-T  rich  recognition 
sequence  and  HDM[G-I(Y)  have  three  DNA  binding  domains  termed  A-T  hooked  that  recognized  a 
variety  of  multivalent  A-T  tracts  of  5  to  8  in  length  (52).  The  recent  solution  structure  of  the  DNA 
binding  domain  of  HMG-I(Y)  complexed  to  DNA  revealed  that  the  AT-hook  adopted  a  well 
defined  extended  conformation  that  lies  along  the  minor  groove  over  consecutive  A-T  tract  base 
pair.  This  extended  loop  conformation  is  strikingly  similar  to  the  carboxyl  terminal  extension 

(CTE)  of  the  DNA  binding  domain  (DBD)  of  an  orphan  receptor,  Rev-Erb-a,  referred  to  as  Grip 
box  (53).  Orphan  receptors  are  members  of  nuclear  receptor  superfamily.  The  crystal  structure  of 

Rev-Erb-a  DBD  complexed  to  DNA  revealed  that  Grip  box,  like  the  A-T  hook  of  HMG-I(Y), 
forms  an  extended  loop  structure  that  lies  along  the  minor  groove  (53).  The  consensus  Grip  box 
sequence  (RXGRZP,  X=F/G/R,  Z=  any  hydrophobic  residue)  is  conserved  in  orphan  receptors 
and  forms  an  interaction  with  the  5’ -A-T  flanking  sequences  at  the  minor  groove  and  is  required 
for  high  affinity  binding  of  the  receptor  monomers  to  the  extended  half-site  DNA  response 

elements.  It  is  interesting  to  note  that  certain  orphan  receptors  such  as  NGFI-B,  SF-1,  RORa,  and 
Rev-Erb,  bind  as  monomer  to  an  ERE  half-site  with  a  5 ’-flanking  A-T  rich  sequence  specificity 
(54-57). 

In  contrast  to  orphan  receptors,  the  DBD  of  steroid  hormone  receptors  appear  to  interact 
with  DNA  only  in  the  major  groove.  There  are  no  sequences  in  the  DBDs  of  most  steroid  hormone 
receptor  including  glucocorticoid  receptor  (GR),  progesterone  receptor  (PR),  androgen  receptor 
(AR),  and  minerdocorticoid  receptor  (MR)  that  have  sequence  homology  to  the  Grip  box. 
However,  a  short  sequence  in  the  C-terminal  of  the  core  DBD  of  ER  (RRGGRM)  has  a  striking 
similarity  to  the  Grip  box  and  the  A-T  hook  of  HMG-I(Y)  (Figure  5A).  If  the  Grip  box  in  ER 
DBD  is  functional  and  binds  to  the  minor  groove,  HMG-I('i^  could  potentially  compete  with  ER 
for  minor  groove  binding  and  prevent  ER  from  binding  to  ERE  with  high  affinity.  To  date,  the 
crystal  structure  and  NMR  solution  structure  of  the  ER  DBD  were  done  with  DBDs  that  do  not 
contain  enough  CTE  to  cover  the  entire  Grip  box  sequence  (58, 59).  Therefore,  there  is  no 
conclusive  evidence  that  the  Grip  box  in  the  ER  DBD  is  functional  and  behave  similar  to  Grip  box 
in  orphan  receptors. 

Future  plans  and  statement  of  work 

In  the  first  year  of  this  grant,  I  have  accomplished  part  of  the  experiments  purposed  for  aim 
#land  #2.  For  aim  #1, 1  have  successfully  expressed  and  purified  of  hER  and  perform  EMSA 
analysis  of  oligonucleotides  containing  ERE  and  putative  HMG-I(Y)  binding  sites  with  purified 
hER  and/or  HMG-I  protein.  For  aim  #2, 1  performed  transient  transfection  experiments  with  sense 
HMG-I  mammalian  expression  vector  and  determine  estrogen  and  tamoxifen  responsiveness  from 
C3-reporter  construct.  As  stated  in  the  result  section,  due  to  the  some  technical  difficulties  in 
switching  from  PR  to  ER  system,  I  was  not  able  to  finish  all  of  the  experiments  proposed  in  the 
submitted  statement  of  work  for  the  first  year.  However,  I  am  still  pursuing  the  original  aims  and 
time  table  proposed  in  my  grant  application. 

With  this  new  information  regarding  the  structure  of  the  Grip  box  of  orphan  receptors  and 
the  A-T  hook  of  HMG-I(Y),  I  would  like  to  propose  a  new  extension  aim  to  test  whether  the  ER 
DBD  contains  a  functional  Grip  box  using  two  approaches.  1)  The  sequence  of  the  Grip  box  in 
ER  DBD  will  be  mutated.  The  putative  Grip  box  in  ER,  RRGGRM,  will  be  mutated  to  RRLLLM 
since  the  second  G  in  the  Grip  box  is  required  for  minor  groove  interaction  as  implicated  by  the 
crystal  structure  (53).  2)  Domain  swapping  experiments.  The  core  DBD  of  ER  will  be  fused  to 
the  CTE  of  PR  or  Rev-Erb.  Conversely,  the  PR  core  DBD  will  be  fused  to  the  CTE  of  ER  (Figure 
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5B).  These  ehimerie  DBDs  will  be  expressed,  purified,  and  compared  with  wild  type  ER  and  PR 
DBD  for  DNA  binding  affinity  in  the  presence  and  absence  of  HMG-I.  If  the  CTE  of  ER  contains 
a  functional  Grip  box,  it  should  exhibit  high  affinity  recognition  of  ERE  half-sites  with  an  A-T  rich 
5’  sequence  similar  to  that  of  orphan  receptor.  Mutation  of  ERE  DBD  Grip  box  or  swapping  ER 
CTE  with  the  CTE  of  PR  which  lacks  the  Grip  box  should  decrease  ER  binding  affinity.  If  HMG- 
I(Y)  prevents  ER  binding  to  ERE  by  competing  with  the  minor  groove  binding  of  ER  DBD  Grip 
box,  HMG-I(Y)  should  have  very  little  or  no  effect  on  the  affinity  of  the  Grip  box  mutant  or  the 
chimera  DBD.  These  experiments  could  bring  about  a  significant  finding  in  term  of  ER  functions. 
The  findings  will  help  explain  the  molecular  mechanism  by  which  HMG-I( Y)  prevent  ER  binding 
to  ERE.  In  addition,  if  ER  contains  a  functional  Grip  box  in  its  DBD  and  can  bind  with  high 
affinity  to  ERE  half-sites  with  A-T  rich  5’  sequence,  this  suggests  that  ER  can  functionally  bind 
and  activate  gene  transcription  through  these  previously  unrecognized  EREs. 

References 

1 .  Jordan,  V.  C.  Molecular  mechanism  of  antiestrogen  action  in  breast  cancer.  Breast  Cancer 
Res  Treat.  31: 41-52, 1994. 

2 .  Jordan,  V.  C.  Studies  on  the  estrogen  receptor  in  breast  cancer-20  years  as  a  target  for  the 
treatment  and  hormone  prevention  of  cancer.  Breast  Cancer  Res  Treat.  36: 267-285, 1995. 

3 .  Tsai,  M.  and  O’Malley,  B.  Molecular  mechanisms  of  action  of  steroid/thyroid  receptor 
superfamily  members,  Annu  Rev  Biochem.  63:  451-486,  1994. 

4.  Kamei,  Y.,  Lan,  X.,  Heinzel,  T.,  Torchia,  J.,  Kurokawa,  R.,  Gloss,  B.,  Lin,  S.-C., 
Heymen,  R.,  Rose,  D.,  Glass,  C.,  and  Rosenfeld,  M.  A  CBP  integrator  complex  mediates 
transcriptional  activation  and  AP-1  inhibition  by  nuclear  receptor.  Cell.  85: 403-414, 1996. 

5.  Le  Douarin,  B.,  Zechel,  C.,  Camier,  J.-M.,  Lutz,  Y.,  Tora,  L.,  Pierrat,  B.,  Heery,  D., 
Gronemyer,  H.,  Chambon,  P.,  and  Losson,  R.  The  N-terminal  part  of  TIF-1,  a  putative  mediator 
of  the  ligand-dependent  activation  function  (AF-2)  of  nuclear  receptors,  is  fused  to  B-raf  in  the 
oncogenic  protein  T18,  EMBO  J.  14:  2020-2033, 1995. 

6.  Cavailles,  V.,  Dauvous,  S.,  L'Horset,  F.,  Lopez,  G.,  Hoare,  S.,  Kushner,  P.,  and 
Parker,  M.  Nuclear  factor  RIP  140  modulates  transcriptional  activation  by  the  estrogen  receptor, 
EMBO  J.  14:  3741-3751,  1995. 

7.  Onate,  S.,  Tsai,  S.,  Tsai,  M.,  and  O'Malley,  B.  Sequence  and  characterization  of  a 
coactivator  for  the  steroid  hormone  receptor  supetfamily.  Science.  270:  1354-1357, 1995. 

8.  Horwitz,  K.,  Jackson,  T.,  Bain,  D.,  Richer,  J.,  Takimoto,  G.,  and  Tung,  L.  Nuclear 
receptor  coactivators  and  corepressors.  Mol  Encocrinol.  10:  1 167-1 177, 1996. 

9.  Yang,  X.-J.,  Ogryzko,  V.,  Nishikawa,  J.,  Howard,  B.,  and  Nakatani,  Y.  A  p300/CBP- 
associated  factor  that  competes  with  the  adenoviral  El  A,  Nature.  382:  319-324, 1996. 

10.  Nagy,  L.,  Kao,  H.-Y.,  Chakravarti,  D.,  Lin,  R.,  Hassig,  C.,  Ayer,  D.,  Schreiber,  S.,  and 
Evans,  R.  Nuclear  receptor  repression  mediated  by  a  complex  containing  SMRT,  mSin3  A  and 
histone  deacetylase.  Cell.  89:  373-380,  1997. 

1 1 .  Wolffe,  A.  Histone  deacetylase:  a  regulator  of  transcription.  Science.  272:  371-372, 1996. 

12.  Ogryzko,  V.,  Schiltz,  R.,  Russanova,  V.,  Howard,  B.,  and  Nakatani,  Y.  The 
transcriptional  coactivator  p300  and  CBP  are  histone  acetyltranferases,  Cell.  87:  953-959,  1996. 

13.  Ura,  K.,  Kurumizaka,  H.,  Dimitrov,  S.,  Almouzni,  G.,  and  Wolffe,  A.  Histone 
acetylation:  influence  on  transcription,  nucleosome  mobility  and  position,  and  linker  histone- 
dependent  transcriptional  repression,  EMBO  J.  16:  2096-2107,  1997. 

14.  Bustin,  M.  and  Reeves,  R.  High-mobility-group  chromosomal  proteins:  architectural 
components  that  facilitate  chromatin  fonction.  Progress  in  Nucleic  Acid  Research  and  Molecular 
Biology.  51:  35-100, 1996. 

15.  Wolffe,  A.  Architectural  transcriptional  factors.  Science.  264:  1 100-1 101, 1994. 

16.  Grosschedl,  R.,  Giese,  K.,  and  Pagel,  J.  HMG  domain  proteins:  architectual  elements  in 
the  assembly  of  nucleoprotein  structures.  Trends  In  Genetics.  10:  3-10,  1994. 

17.  Zwilling,  S.,  Konig,  H.,  and  Wirth,  T.  High  mobility  group  protein  2  functional  interacts 
with  the  POU  domains  of  octamer  transcription  factors,  EMBO  J.  14:  1 198-1208, 1995. 

18.  Zappavigna,  V.,  Falciola,  L.,  Citterich,  M.  H.,  Mavilio,  F.,  and  Bianchi,  M.  E.  HMGl 
interacts  with  HOX  proteins  and  enhances  thier  DNA  binding  and  transcriptional  activation.  The 
EMBO  Journal.  15:  4981-4991, 1996. 


11 


19.  Watt,  F.  and  Molloy,  P.  High  mobility  group  proteins  1  and  2  stimulate  binding  of  a 
specific  transcription  factor  to  the  adenovims  major  late  promoter.  Nucleic  Acids  Research.  16: 
1471-1486,  1988. 

20.  Paul,  T.,  Carey,  M.,  and  Johnson,  R.  Yeast  HMG  proteins  NHP6A/B  potentiate 
promoter-specific  transcriptional  activation  in  vivo  and  assembly  of  preinitiation  complexes  in 
vitro.  Genes  &  Development.  10:  2769-2781, 1996. 

2 1 .  Maher,  J.  and  Nathans,  D.  Multivalent  DNA-binding  properties  of  the  HMG-I  proteins, 
Proc  Natl  Acad  Sci  USA.  93:  6716-6720, 1996. 

22.  Reeves,  R.  and  Wolffe,  A.  Substrate  structure  influences  binding  of  the  non-histone 
protein  HMG-I(Y)  to  free  and  nulceosomal  DNA,  Biochemistry.  32:  5063-5074, 1996. 

23.  Reeves,  R.  and  Nissen,  M.  The  AT-DNA-binding  domain  of  mammalian  high  mobility 
group  I  chromosomal  proteins,  J  Biol  Chem.  265:  8573-8582, 1990. 

24.  Radic,  M.,  Saghbini,  M.,  Elton,  T.,  Reeves,  R.,  and  Hamkalo,  B.  Hoechst  33258, 
distamycin  A,  and  high  mobility  group  protein  I  (HMG-I)  compete  for  binding  to  mouse  satellite 
DNA,  Chromsoma.  101:  602-608,  1992. 

25 .  Du,  W.,  Thanos,  D.,  and  Maniatis,  T.  Mechanisms  of  transcriptional  synergism  between 
distinct  virus-inducible  enhancer  elements.  Cell.  74:  887-898,  1993. 

26.  Falvo,  J.,  Thanos,  D.,  and  Maniatis,  T.  Reversal  of  intrinsic  DNA  bends  in  the  IFN6  gene 
enhancer  by  transcription  factors  and  the  architectural  protein  HMG  I(Y),  Cell.  83:  1 101-1  111, 

1995. 

27.  John,  S.,  Reeves,  R.,  Lin,  J.-X.,  Child,  R.,  Leiden,  J.,  Thompson,  C.,  and  Leonard,  W. 
Regulation  of  cell-type-specific  interleukin-2  receptor  a-chain  gene  expression:  potential  role  of 

physical  interaction  between  Elf-1,  HMG-I(Y)  and  NF-kB  family  proteins.  Mol  Cell  Biol.  15: 
1786-1796,  1995. 

28.  Klein-Hessling,  S.,  Schneider,  G.,  Heinfling,  A.,  Chuvpilo,  S.,  and  Serfling,  E.  HMG 
I(Y)  interferes  with  the  DNA  binding  of  NF-AT  factors  and  the  induction  of  the  interleukin  4 
promoter  in  T  cells,  Proc  Natl  Acad  Sci  USA.  93:  15311-15316, 1996. 

29.  Reeves,  R.  Chromatin  changes  during  the  cell  cycle.  Current  opinion  in  cell  biology.  4: 
413-423,  1992. 

30.  Friedmann,  M.,  Holth,  L.,  Zoughbi,  H.,  and  Reeves,  R.  Organization,  inducible- 
expression  and  chromosome  localization  of  the  human  HMG-I(Y)  nonhistone  protein  gene. 
Nucleic  Acid  Research.  21: 4259-4267, 1993. 

31.  Johnson,  K.,  Disney,  J.,  Wyatt,  C.,  and  Reeves,  R.  Expression  of  mRNAs  encoding 
mamamlian  chromosomal  proteins  HMG-I  and  HMG-Y  during  cellular  proliferation,  Exp  Cell 
Research.  187:  69-76, 1990. 

32.  Fodele,  M.,  Bandiera,  A.,  Chiappetta,  G.,  Battista,  S.,  Girseppe,  V.,  Manfilotti,  G., 
Casamassimi,  A.,  Santaro,  M.,  Giancotti,  V.,  and  Fusco,  A.  Human  colorectal  carcinomas 
express  high  levels  of  high  mobility  group  HMGI(Y)  proteins.  Cancer  Research.  56:  1896-1901, 

1996. 

33.  Chiappetta,  G.,  Bandiera,  A.,  Berlingeri,  M.,  Visconti,  R.,  Manfioletti,  G.,  Battista,  S., 
Martinez-Tello,  F.,  Santoro,  M.,  Giancotti,  V.,  and  Fusco,  A.  The  expression  of  the  high  mobility 
group  HMGI  (10  protiens  correlates  with  the  malignant  phenotypes  of  human  thyroid  neoplasias. 
Oncogene.  10:  1507-1514, 1995. 

34.  Giancotti,  V.,  Pani,  B.,  Andrea,  P.,  Berlingeri,  M.,  Di  Fiore,  P.,  Fusco,  A.,  Vecchio,  G., 
Philp,  R.,  Crane-Robinson,  C.,  Nicolas,  R.,  Wright,  C.,  and  Goodwin,  G.  Elevated  levels  of  a 
specific  class  of  nuclear  phosphoproteins  in  cells  transformed  with  v-ras  and  v-mos  oncogenes  and 
by  co-transfection  with  c-myc  and  polyoma  middle  T  genes,  EMBO  J.  6:  1981-1987,  1987. 

35.  Bussemakers,  M.,  van  de  Ven,  W.,  Debruyne,  F.,  and  Schalken,  J.  Identification  of  high 
mobility  group  protien  I(Y)  as  potential  progression  marker  for  prostate  cancer  by  differential 
hybridization  analysis.  Cancer  Research.  51:  606-611, 1991. 

36.  Tamimi,  Y.,  van  de  Poel,  H.,  Denyn,  M.-M.,  Umbas,  R.,  Karthaus,  H.,  Debruyne,  F., 
and  Schalken,  J.  Increased  expression  of  high  mobility  group  protein  I(Y)  in  high  grade  prostatic 
cancer  determined  by  in  situ  hybridization.  Cancer  Research.  53:  5512-5516, 1993. 

37.  Ram,  T.,  Reeves,  R.,  and  Hosick,  H.  Elevated  high  mobility  group-I(Y)  gene  expression 
is  associated  wiA  progressive  transformation  of  mouse  mammary  epithelial  cells.  Cancer 
Research.  53:  2655-2660, 1993. 

38.  Wiliams,  A.,  Powell,  W.,  Collins,  T.,  and  Morton,  C.  HMGI(Y)  expression  in  human 
uterine  leiomyomata.  Am  J  Pathology.  150: 91 1-918, 1997. 

12 


39.  Brandon,  D.,  Betea,  C.,  Strawn,  E.,  Novy,  M.,  Burry,  K.,  Harrington,  B.,  and  Erickson, 
T.  Progesterone  receptor  messenger  ribonucleic  acid  and  protein  are  overexpressed  in  human 
uterine  leiomyomas.  Am  J  Obstet  Gynecol,  1993. 

40.  Murphy,  A.,  Kettle,  L.,  Morales,  A.,  Roberts,  V.,  and  Yen,  S.  Regression  of  uterine 
leiomyomata  in  response  to  the  antiprogesterone  RU486,  J  Clin  Endocrinol  Metab.  76:  513-517, 

1993. 

41.  Beck,  C.,  Weigel,  N.,  Moyer,  M.,  Nordeen,  S.,  and  Edwards,  D.  The  progesterone 
antagonist  RU486  acquires  agonist  activity  upon  stimulation  of  cAMP  signaling  pathways,  Proc 
Natl  Acad  Sci  USA.  90: 4441-4445, 1993. 

42.  Sartorius,  C.,  Tung,  L.,  Takimoto,  G.,  and  Horwitz,  K.  Antagonist-occupied  human 
progesterone  receptors  bound  to  DNA  are  functionally  switched  to  transcriptional  agonists  by 
cAMP,  J  Biol  Chem.  268:  9262-9266,  1993. 

43.  Vivanco,  M.,  Johnson,  R.,  Galante,  P.,  Hanahan,  D.,  and  Yamamoto,  K.  A  transition  in 
transcriptional  activation  by  the  glucocorticoid  and  retinoic  receptors  at  the  tumor  stage  of  dermal 
fibrodarcoma  development,  EMBO  J.  14:  2217-2228, 1995. 

44.  Norris,  J.,  Fan,  D.,  Aleman,  C.,  Marks,  J.,  Futreal,  A.,  Wiseman,  R.,  Iglehart,  J., 
Deininger,  P.,  and  McDonnell,  D.  Identification  of  a  new  subclass  of  Alu  DNA  repeats  which  can 
function  as  estrogen  receptor-dependent  transcriptional  enhancers,  J  Biol  Chem.  270: 22777- 
22782,  1995. 

45.  Maurer,  R.  and  Notides,  A.  Identification  of  an  estrogen-responsive  element  from  the  5'- 
flanking  region  of  the  rat  prolactin  gene.  Mol  Cell  Biol.  7: 4247-4254,  1987. 

46.  Christensen,  K.,  Estes,  P.,  Onate,  S.,  Beck,  C.,  DeMarzo,  A.,  Altman,  M.,  Liberman, 

B.,  St  John,  J.,  Nordeen,  S.,  and  Edwards,  D.  Chracterization  and  functional  properties  of  the  A 
and  B  forms  of  human  progesterone  receptors  synthesized  in  a  baculovirus  system.  Mol 
Endocrinol.  5:  1755-1770, 1991. 

47.  Estes,  P.,  Suba,  E.,  Lawler-Heavner,  J.,  Elashry-Stovers,  D.,  Wei,  L.,  Toft,  D., 

Sullivan,  W.,  Horwitz,  K.,  and  Edwards,  D.  Immunological  analysis  of  human  breast  cancer 
progesterone  receptor:  Immunoaffinity  purification  of  transformed  receptors  and  production  of 
monoclonal  antibodies.  Biochemistry.  26:  6250-6262, 1987. 

48.  Onate,  S.  A.,  Prendergast,  P.,  Wagner,  J.  P.,  Reeves,  M.,  Pettijohn,  D.  E.,  and  Edwards, 
D.  P.  Identification  of  the  high  mobility  group  protein  HMG-1  as  an  accessory  factor  that  enhances 
the  specific  DNA  binding  activity  of  progesterone  receptors..  Mol.  Cell  Biol.  14:  3376-3391, 

1994. 

49.  Boonyaratanakomkit,  V.,  Melvin,  V.,  Prendergast,  P.,  Altmann,  M.,  Ronfani,  L., 
Bianchi,  M.,  Taraseviciene,  L.,  Nordeen,  S.,  Allergretto,  E.,  and  Edwards,  D.  High  mobility 
group  chromatin  proteins  1  and  2  functionally  interact  with  steroid  hormone  receptors  to  enhance 
their  DNA  binding  in  vitro  and  trancriptional  activity  in  mammahan  cells.  Mol  Cell  Biol.  18: 4471- 
4487,  1998. 

50.  Norris,  J.,  Fan,  D.,  Wagner,  B.,  and  McDonnell,  D.  Identification  of  the  sequence  within 
the  human  complement  3  promoter  required  for  estrogen  responsiveness  provides  insight  into  the 
mechanism  of  tamoxifen  mixed  agoinst  activity.  Mol  Endocrinol.  10:  1605-1616, 1996. 

5 1 .  Yie,  J.,  Liang,  S.,  Merika,  M.,  and  Thanos,  D.  Intra-and  intermolecular  cooperative 
binding  of  high-mobility  group  protein  (Y)  to  the  beta-interferon  promoter.  Mol  Cell  Biol.  17: 
3649-3662,  1997. 

52.  Huth,  J.,  Bewley,  C.,  Nissen,  M.,  Evans,  J.,  Reeves,  R.,  Gronenbron,  A.,  and  Clore,  G. 
The  solution  structure  of  an  HMG-I(Y)  DNA  complex  define  a  new  architectural  minor  groove 
binding  motif.  Nature  Structural  Biol.  4:  657-665, 1997. 

53.  Zhao,  Q.,  Khorasanizadeh,  S.,  Miyoshi,  Y.,  Lazar,  M.,  and  Rastinejad,  F.  Structural 
elements  of  an  orphan  nuclear  receptor-DNA  complex.  Mol  Cell.  1:  849-861, 1998. 

54.  Wilson,  T.,  Fahmer,  T.,  and  Milbrandt,  J.  The  orphan  receptors  NGFI-B  and 
steroidogenic  factor  1  establish  monomer  binding  as  a  third  paradigm  of  nuclear  receptor-DNA 
interaction.  Mol  Cell  Biol.  13:  5794-5804, 1993. 

55.  Harding,  H.  and  Lazar,  M.  The  orphan  receptor  Rev-Erba  activates  transcription  via  a 
novel  response  element.  Mol  Cell  Biol.  13:  3113-3121, 1993. 

56.  Giguere,  V.,  Tini,  M.,  Hock,  G.,  Ong,  E.,  Evans,  R.,  and  Otulakowski,  G.  Isoform- 

specific  amino-terminal  domanis  dictate  DNA-binding  properties  of  RORa,  a  novel  family  of 
orphan  hormone  nuclear  receptors.  Genes  &  Develop.  8:  538-553, 1994. 


13 


57.  Lynch,  J.,  Lala,  D.,  Peluso,  J.,  Lou,  W.,  Parker,  K.,  and  White,  B.  Steroidogenic  Factor- 
1,  an  orphan  nuclear  receptor,  regulates  the  expression  of  the  rat  aromatse  gene  in  gonada  tissues. 
Mol  Endocrinol.  7:  776-786, 1993. 

58.  Schwahe,  J.,  Chapman,  L.,  Finch,  J.,  and  Rhodes,  D.  The  crystal  structure  of  the 
estrogen  receptor  DNA-binding  domain  bound  to  DNA:  how  receptors  discriminate  between  their 
response  elements.  Cell.  75;  567-578, 1993. 

59.  Schwahe,  J.,  Neuhaus,  D.,  and  Rhodes,  D.  Solution  structure  of  the  DNA-binding  domain 
of  the  oestrogen  receptor.  Nature.  348: 458-461, 1990. 


14 


Figure  1  Purification  of  baculo virus  expressed  human  estrogen  receptor  (hER).  Human 
ER  were  expressed  as  polyhisditine  tagged  proteins  in  baculovirus  and  were  purified  by 
metal  ion  affinity  column  (Ni-NTA).  A)  Silver  stained  polyacrylamide  SDS  gel 
electrophoresis  of  hER  purification  fraction.  Lane  1,  Molecular  weight  markers;  Lane  2-4, 
purified  fraction  of  hER  (10, 20,  and  30  pi ,  respectively).  B)  Western  blot  of  purified 
hER.  Lane  1,  Sf9  whole  cell  extract  (5  pi);  Lane  2,  Nickel  resin  flow-through  (5  pi);  Lane 
3,  Column  wash  (50  pi);  Lane  4,  Purified  hER  100  mM  imidazole  eluate  (10  pi). 


Figure  2  A)  HMG-2  increased  the  binding  activity  of  hER  to  a  consensus  ERE  probe.  50 
to  1 .5  jig  of  purified  hER  were  varied  in  DNA  binding  reactions  against  a  constant  amount 
(0.3  ng)  of  pP]  labeled  synthetic  ERE  oligonuleotide  and  DNA  binding  was  analyzed  by 
EMS A.  The  receptor  was  assayed  alone  (left  panel)  or  with  addition  of  HMG-2  (500  ng) 
(right  panel).  Purified  hER  was  quantitated  by  Bradford  assay  and  silver  stained  SDS  gels 
comparing  receptor  band  intensities  with  those  of  known  amounts  of  purified  bovine  semm 
albumin.  B)  HMG-I  has  little  to  no  effect  on  ER  binding  to  synthetic  consensus  ERE 
probe.  A  constant  amount  of  hER  (1.0  pg )  was  incubated  alone  (lane  2)  or  with  varied 
amounts  of  HMG-I  (10  ng  to  1  pg)  (lane  3-10)  in  DNA  binding  reaction  against  a  p^P] 
labeled  synthetic  consensus  ERE  oligonuleotide  and  DNA  binding  was  andyzed  by  EMS  A. 
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Figure  3  HMG-I  inhibits  hER  binding  to  ERE  in  oligonucleotides  from  human  C3 
promoter  and  rat  prolactin  promoter.  A  constant  amount  of  purified  hER  (500  ng)  were 
incubated  with  a  constant  amount  of  pP]  labeled  oligonucleotides  containing  ERE  from  A) 
human  C3  promoter  or  B)  rat  prolactin  promoter  and  DNA  binding  was  analyzed  by 
EMSA.  The  receptor  was  assayed  alone  (lane  2)  or  with  addition  of  varied  amounts  of 
HMG-I  ( 10  ng  to  500  ng)  (lane  3-7). 
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Figure  4  hER  failed  to  compete  with  HMG-I  for  binding  to  DNA  containing  both  ERE 
and  HMG-I(Y)  binding  sites.  A  constant  amount  of  HMG-I  (50  ng)  were  incubated  with  a 
constant  amount  of  [^^P]  labeled  oligonucleotide  containing  ERE  from  A)  human  C3 
promoter  B)  rat  prolactin  promoter  and  the  DNA  binding  was  analyzed  by  EMSA.  HMG-I 
was  assayed  alone  (lane  2)  or  with  the  addition  of  varied  amounts  of  purified  hER  pOO  ng 
to  1.5  pg)  (lane  3-8).  hER  specific  antibody  was  added  to  DNA  binding  reactions  in  lane 
9-10,  ( 1  and  2  pi,  respectively).  HMG-I(Y)  specific  antibody  was  added  to  DNA  binding 
reactions  in  lane  11-12(1  and  2  pi  respectively). 
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Figure  5  A)Alignment  of  DBDs  of  three  different  classes  of  nuclear  receptors.  GM  is 
the  conserved  Gly-Met  boundary  between  the  core  zinc  binding  module  with  conserve  Cys 

residues  and  the  C-terminal  extension  (GTE).  The  bolded  sequences  in  the  CTE  show  a 
helix  3  in  class  n  receptors,  the  Grip  box  in  orphan  receptors,  and  the  Grip  box-like 
sequences  in  ER.  The  sequence  of  the  A-T  hook  in  HMG-I(Y)  is  shown  at  the  bottom.  B) 
Proposed  core  DBD-CTE  chimeras 
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